DNA methylation and the differential expression of C4 photosynthesis genes in mesophyll and bundle sheath cells of greening maize leaves.
The methylation of nuclear and chloroplast DNAs has been examined in relation to the known differential expression of C4 photosynthesis genes in the bundle sheath and mesophyll cells of etiolated, greening, and fully green maize leaves. We have focused our research on phosphoenolpyruvate carboxylase, pyruvate, orthophosphate dikinase, and the small subunit of ribulose-1,5-bisphosphate carboxylase/oxygenase (RBUp2Case) which are coded by nuclear genes, and on the large subunit of RBUp2Case which is coded by a plastid gene. Reversed-phase high performance liquid chromatography revealed several kinds of methylated bases in DNAs of both photosynthetic cell types, with the largest amounts in fully green leaves. The occurrence of selective DNA methylation was investigated by employing an isoschizomeric pair of methyl-sensitive and -insensitive endonucleases followed by Southern hybridizations with specific DNA probes. Notably, there was an inverse correlation between the relative abundance of specific transcripts in a given cell type during greening and the methylation status of the corresponding nuclear or chloroplast gene. Furthermore, a heterologous in vitro transcription system using Escherichia coli RNA polymerase revealed that the plastid gene encoding the RBUp2Case large subunit in both cell types was active as a template in the unmethylated state, whereas it was inactive when methylated. Thus, the selective methylation of both chloroplast and nuclear DNA is likely one component of a multilevel control mechanism for the differential regulation of cell-specific C4 photosynthesis gene expression in greening maize leaves.